ABSTRACT Biological supplements in poultry feed are of continued interest due to the improvements in growth performance, protection from pathogen invasion, and benefits in overall host health. The fermentation metabolites of Diamond V Original XPC TM (XPC) have previously been shown to improve commercial performance and reduce Salmonella in poultry. The current study sought to characterize the cecal microbiota using culture-independent analysis based on 16S rRNA gene in Coccivac-D sprayed broilers supplemented with XPC and/or Salinomycin (SAL). Ross 708 male broilers (n = 640) were assigned to one of 4 treatments: Cocci-vaccine (T1), Cocci-vaccine + XPC (T2), Coccivaccine + SAL (in the grower diet only) (T3), and Cocci-vaccine + SAL (in the grower diet only) + XPC (T4). Analysis with a PCR-based denaturing gradient gel electrophoresis (DGGE) indicated a shift in the microbial populations present at the various sampling ages -16, 28, and 42 days. Phylogenetic analysis indicated further consistency in microbial communities directly related to bird age. Identification of microbial communities present and the assessment of their respective quantities using an Illumina MiSeq indicated treatment with XPC had no significant impact on microbial diversity (Chao1 index, observed operational taxonomic unit (OTU) and phylogenetic diversity (PD) whole tree). Sampling age revealed significantly greater diversity at 16 and 28 d (P < 0.05) as compared to the 42 d for the Shannon diversity index, while showing significantly decreased richness and diversity in the 42 d sampling age (Chao1 and observed OTU; P < 0.05). The results of the current study indicate that the chicken intestinal microbiota are impacted more by temporal changes rather than by the feed additive studied.
INTRODUCTION
Poultry researchers are attempting to find alternatives to antibiotic growth promoters (AGP) in poultry diets, which are being restricted for use in food animal production (HHS, 2015) . The elimination of AGP is due to concerns surrounding antibiotic resistance genes being transferred to humans through both the consumption of and contact with farm animals, rendering treatment with certain antibiotics ineffective (Witte, 1998) . Various compounds have been and continue to be investigated for their ability to replace AGP; one possible alternative is the fermentation metabolites of Diamond V Original XPC TM (XPC) (El-Husseiny et al., 2008; Kassem et al., 2012; Salim et al., 2013) . The product XPC is a yeast-based fermentation product that when fed in poultry diets has been shown to limit Salmonella colonization while improving growth performance and C 2017 Poultry Science Association Inc. Received September 12, 2016. Accepted January 4, 2017. 1 These two authors contributed equally on this work. 2 Corresponding author: sricke@uark.edu health of poultry (El-Husseiny et al., 2008; Lensing et al., 2012; McIntyre et al., 2013; Feye et al., 2016; Roto et al., 2017) . A proposed mode of action for products similar in content to XPC (fermentation products) indicated the stimulation of diverse microbial communities in the gastrointestinal tract (GIT) of piglets (Kiarie et al., 2011) .
The poultry GIT microbiome has elicited interest due to the potential health impacts it may have on the host (Brisbin et al., 2008; Hoffmann et al., 2009; Roto et al., 2015) . The host-microbiome interactions may affect the host immune system, provide protection against epithelial damage, and increase nutrient availability and digestibility (Spring et al., 2000; Hooper et al., 2001; Brisbin et al., 2008; Jensen et al., 2008; Hoffmann et al., 2009) . However, the poultry microbiome has a complex population of diverse microorganisms, the majority of which are of not-yet-identified species (Gong et al., 2002; Zhu et al., 2002; Ballou et al., 2016) . Identification and/or development of feed additives that are capable of targeting the GIT microbiome and the specific microbial populations that have proven to be capable of improving both health and growth performance would be of great importance. Identifying the microbiome species and their respective abundances in a recognized mature and healthy poultry host would be the next logical step.
In the first part of this study, Roto et al. (2017) observed that birds fed with XPC and/or Salinomycin (SAL) exhibited significant increases in body weights at 28 and 42 d of age. XPC supplemented birds also yielded a lower Salmonella prevalence than the control birds. In addition, feed conversion ratio was improved at 28 d in the XPC fed birds. Therefore, in the current study the cecal microbiomes from these birds were examined for potential microbiota shifts that may have occurred in response to these dietary treatments. The objective of the current study was to identify the impact of feeding XPC on cecal microbial populations, and their relative abundances, present in the poultry GIT microbiome in response to treatment with XPC and/or SAL. To eliminate known biases of culture-based methods, this objective was conducted using an Illumina MiSeq platform following preliminary data obtained via PCR-based denaturing gradient gel electrophoresis (DGGE).
MATERIALS AND METHODS

Experimental Design
A total of 640 day-old Ross 708 male broilers was sprayed with Coccivac-D (Merck, Kenilworth, NJ) and subsequently vaccinated (Marek's infectious bursal disease, Newcastle disease, and infectious bronchitis) at the hatchery as described in our previous study (Roto et al., 2017) . The birds were transferred to a grow-out facility and randomly assigned to one of 4 feed treatments: Cocci-vaccine (T1), Cocci-vaccine + XPC (T2), Cocci-vaccine + SAL (in the grower diet only) (T3), and Cocci-vaccine + SAL (in the grower diet only) + XPC (T4). There were 32 total floor pens used in this experiment, 8 pens per block, 4 blocks in total. The birds were assigned to pens (1.22 m x 1.22 m) using a randomization table; the density was set to that of commercial stocking density, 0.23 m 2 . Each pen contained a Chore-Time feeder pan (Chore-Time Poultry Production Systems, Milford, IN) with a feed hopper above a reservoir and a nipple drinker (3 nipples). Pens contained re-used pine shavings for bedding.
A pelleted 3 phase feeding plan was implemented including a starter (zero to 16 d), grower (16 to 28 d), and finisher (28 to 42 d) diet. Feed and water were provided ad libitum. The inclusion rate of XPC in the starter and grower diets (for the birds receiving XPC treatment) was 1.25 g/kg and was subsequently reduced to 0.625 g/kg in the finisher diet. The inclusion rate for SAL was a constant 0.044 g/kg in the grower diet only. The basal poultry diet contained no additional anticoccidial or antimicrobial products prior to the treatment with SAL (Table 1) .
A review by the University of Arkansas Institutional Animal Care and Use Committee (IACUC) was exempt because the birds were raised in an off-campus commercial farm operation and no researchers at the University of Arkansas were involved in any aspect of the animal studies. The current study was restricted to microbiological evaluation of cecal samples delivered to the laboratory from birds selected on site. The commercial cooperators used internal animal welfare protocols based on the National Chicken Council (NCC) guidelines (www.nationalchickencouncil.org).
Cecal DNA Extraction
At 16, 28, and 42 d, 24 birds (3 birds per pen per treatment) were randomly chosen for cecal content removal at the commercial bird facilities by personnel managing the study. All cecal DNA extractions utilized the QIAamp Fast DNA Stool Mini Kit according to the manufacturer's manual (Qiagen, Valencia, CA) with the exception of using UltraPure DNase/RNase-Free Distilled Water (50 μl; Life Technologies, Carlsbad, CA) rather than using the provided buffer to elute DNA. Concentrations and purity measurements of the DNA were obtained with a Nanodrop ND-1000 (Thermo Scientific, Marietta, OH).
Preparation of DNA Samples for DGGE
Samples for DGGE analysis were pooled based on age and treatment group (each wk of samples was separated into 16 pooled groups, 6 samples per group, 4 groups per treatment) to fit within the gel capacity (Zhou et al., 2007) . A PCR assay was performed to amplify • C for 45 s (−0.5/cycle), and an extension at 72
• C for 2 min; these steps were repeated for 17 cycles excluding the initial denaturation step. The program continued for one min at 94
• C and 58
• C for 45 s, and this sequence was repeated for 12 cycles. A final extension at 72
• C for 7 min was performed; samples were held at 4
• C. Negative control using water was carried out for all amplifications performed. PCR amplification products were ensured via 1% agarose gel electrophoresis with ethidium bromide in 1X TAE buffer, stained, and visualized using a UV transilluminator; each gel run contained a 100 bp marker.
DGGE and Phylogenetic Tree Generation
The DGGE gels were cast with 8% acrylamide stock solutions and contained a gradient from 35 to 55% urea denaturant. Electrophoresis was carried out for 16 h at 55 V and a temperature of 59
• C using the DCode Universal Mutation Detection System (Bio-Rad Laboratories, Hercules, CA). After electrophoresis, the gel was stained using 20 μl of SYBR green in 650 mL 1X TAE on a shaker at 4
• C for 40 min, and was subsequently de-stained in distilled water for 10 min on a shaker at 4
• C. Images of each gel were taken using a UV transilluminator to minimize the exposure of DNA bands to UV light exposure. DGGE gel images were uploaded to Quantity One software (Bio-Rad Laboratories) for phylogenetic tree analysis.
Library Preparation for Sequencing
Individual bird samples were utilized for sequencing unlike in the DGGE analysis, which used pooled samples. PCR was used to amplify the V4 region of the 16S rRNA gene with dual-indexed primers as described in Kozich et al. (2013) . The primer mixture (F and R; 500 nM), DNA (10 ng/μl), and Accuprime Pfx SuperMix (Life Technologies) were combined in a 96 well plate, and each plate contained one negative control. PCR amplification was performed in an Eppendorf Mastercycler pro S (Eppendorf, Hamburg, Germany) using the following PCR conditions: 95
• for the initial 5 min, followed by a cycle of 95 • for 30 s, 55 • for 30 s, 72
• for one min for 30 cycles, and ended at 72
• for 5 minutes. PCR confirmation was conducted on 1% agarose gel of 30 randomly selected samples and one negative control from each plate.
Normalization of PCR amplification products was performed using an Invitrogen SequalPrep kit (Life Technologies) according to the manufacturer's protocol to remove any salts or free primers. Confirmation was performed on 1% agarose gel of 30 randomly selected samples and one negative control from each plate. The samples from each well in each plate were pooled together, with the exception of the negative controls. The concentration of pooled samples from each plate was measured using a Qubit Fluorometer (Life Technologies) according to the manufacturer's protocol.
Quantification of the pooled samples (each plate's pooled sample and all the plates' pooled samples combined) was conducted using both the Eppendorf realplex Mastercycler ep gradient S (Eppendorf) as well as the Agilent Bioanalyzer. KAPA Library Quantification Kit (KAPA Biosystems, Wilmington, MA) was followed according to the manufacturer's protocol (R 2 = 0.999; efficiency 96%). Amplicon lengths from quantification were diluted to 4 nM. The combined pooled sample and the prepared PhiX Control were loaded onto the MiSeq reagent cartridge.
Sequence Analysis
Sequencing data was generated and downloaded from the Illumina Basespace website. The Quantitative Insights into Microbial Ecology (QIIME; Caporaso et al., 2010) pipeline was used to analyze sequences and classify operational taxonomic units (OTU) into the phylum, class, order, genus, and species levels. Chimeric sequences were removed, OTU detected less than twice within a given sample were omitted, and all samples were normalized to 1,000 reads per sequence to eliminate possible confounding factors. Sequences obtained with fewer than 1,000 reads were omitted from analysis and sequences were re-analyzed excluding these samples.
Statistical Analysis
Statistical analysis was conducted using JMP R Genomics (SAS Institute, Cary, NC) with means separated using LS Means (P < 0.05). The pen was the experimental unit for performance. Means of each data set from microbial prevalence were compared using the oneway analysis of variance (ANOVA) test with a level of significance of 0.05. Species diversity and richness were assessed by OTU, Shannon diversity index, and Chao1 (Chao, 1984; Zhang et al., 2015) . A probability of less than 0.05 was considered significant. UniFrac Principle Coordinate Analysis (PCoA) plots were generated through QIIME to illustrate the weighted and unweighted distances among samples based on sampling age.
RESULTS AND DISCUSSION
Analysis of Cecal Microbiota Responses Using PCR-based DGGE
The objective of the current study included the investigation into the GIT microbiome, which has been attempted previously utilizing various methods. The culture-based methods used appear to be incomplete and selective in their results when considering the broader diversity of results obtained when using modern molecular and sequencing techniques (Bjerrum et al., 2006) . Bjerrum et al. (2006) discussed the biases observed in culture-based methods that result in known bacterial species being identified and compared these methods to molecular methods, which revealed that only approximately 10% of the cecal bacterial species can be identified, leaving the majority of species present as unknown (Salanitro et al., 1978; Mead, 1989; Ricke and Pillai, 1999; Apajalahti et al., 2004) . Based on these biases, preliminary experimentation using DGGE was applied to assess the overall responses of the cecal microbial communities to various treatments and sampling ages. The technique of DGGE has been considered a reliable and relatively inexpensive pre-screening method for the quantification and diversity assessment of microbial populations present in an environment (Hanning and Ricke, 2011) . While more recent NGS approaches have become the more common and preferred approach to characterize microbial communities, we chose to include our DGGE results in this study to be able to relate to previous research with these yeast fermentate products for which only DGGE analyses were performed.
All amplification products generated from PCR were 233 bp in length. The microbiota analysis via DGGE indicated a shift in the presence and relative abundances (determined via band brightness) of microbial populations in response to the treatment as well as bird maturity. Pooled samples from DGGE of the 16 d samples indicated randomness in banding patterns, with no clustering among the treatment groups ( Figure 1A) , while 28 and 42 d samples exhibited increased successional consistency, both in the banding patterns and the brightness of the bands ( Figure 1B and C) . This is also reflected in the phylogenetic tree that was generated in the clustering of samples according to treatment; there appeared to be approximately 73.5% homology among samples treated with XPC (T2 and T4) at the 42 d sampling age, as shown in Figure 1C . This enhanced banding stability directly related to bird maturity and treatment with XPC indicates a potential effect of XPC to stabilize microbial communities in the ceca prior to 42 days. He et al. (2009) evaluated the effects of a yeast fermentate product similar to the product used in this study on growth performance and intestinal bacterial community in tilapia using DGGE. Based on their DGGE results He et al. (2009) also observed shifts in tilapia intestinal bacteria in the presence of the yeast fermentate and stimulation of potentially beneficial bacteria.
Past and current literature, as reviewed by Schneitz (2005) , asserts the beneficial impact of having a mature microbiome with robust communities of various microorganisms. A mature microbiome can allow for enhanced growth performance, pathogen control, reduced mortality, and overall health of the host (Patterson, 2012) . Feed additives, such as XPC, that appear to be capable of supporting development of the microbial cecal populations to reach mature abundances at an earlier age may permit more productive bird growth throughout the production period with less pathogen infection (Brisbin et al., 2008; Patterson, 2012) .
QIIME Analysis
Given the initial indication from the DGGE results of microbial shifts occurring due to the treatment and age of the bird, a more detailed characterization of the microbial populations present and their abundances via the Illumina MiSeq platform was performed. Conducting both DGGE and sequence analysis allowed for comparative insight between the 2 methods and the ability to relate to previous work with these products for which only DGGE analyses were performed. After filtering sequences using read quality and sample size requirements, there were a total of 280 samples (94 samples from individual birds at 16 d, 92 samples from 28 d, 94 samples from 42 d) of the V4 region of the 16S rRNA gene analyzed. Based on the Illumina Basespace, the analytical information regarding the sequences generated the following: 27,167,116 reads in total at a 1.49% error rate. The numbers of taxonomy groups identified (Edgar, 2010) were 19, 65, and 244 at the phylum, order, and genus levels, respectively, when analyzed using the Greengenes database (DeSantis et al., 2006) .
Greater than 99% of the sequences from all the samples at all age points belonged to one of the 5 most populated bacterial phyla, namely, Firmicutes (64.1%), Proteobacteria (26.8%), Cyanobacteria (6.6%), Bacteroidetes (2.2%), and Actinobacteria (0.13%). The data analyzed at the phylum level indicated Firmicutes to be significantly greater than all other phyla in T1 (Figure 2A ). However in T2 to T4, the relative abundance of Firmicutes decreased significantly at 42 d when compared to both 16 and 28 d (Figure 2B to D). Wei et al. (2013) found similar results to the current study in that chicken cecal microbiome samples were comprised primarily of Firmicutes and Proteobacteria at approximately 70 and 9%, respectively, though Bacteroidetes accounted for approximately 12%. The abundances of Firmicutes among all samples at both 16 and 28 d sampling age points in the current study were approximately 70 to 80% (Figure 2A to D) . Generally, Firmicutes are recognized for their production of butyric acid, which is associated with pathogen inhibition (den Besten et al., 2013) . Proteobacteria appeared to be the second most abundant phylum among all treatments at each sampling age, and increased significantly at the 42 d sampling age when compared to both the 16 and 28 d sampling ages (Figure 2A to D) . The less abundant phyla of the 5 were Cyanobacteria, Bacteroidetes, and Actinobacteria. Cyanobacteria increased significantly in the 42 d sampling age compared to both the 16 and 28 d sampling ages regardless of the treatment, following a trend similar to that of Proteobacteria (Figure 2A to D) . Although Bacteroidetes has been commonly observed as the second most abundant phylum in the broiler chicken cecal microbiota (Wei et al., 2013) , it accounted for minimal abundance of the total phyla in the current study. Although there were no significant differences at the phylum level analysis among the treatments at each sampling age, significant differences were observed when comparing the sampling ages of each treatment (Figure 2A to D) , indicating a more temporal effect on the composition of the cecal microbiome. Oakley et al. (2014) also observed bird maturation to have greater influence on the cecal microbial populations than the addition of feed additives in the diet.
Similar to the phylum level, the 5 most abundant order level microbial populations occurring among the treatments at each sampled time point with their total respective percentages were Clostridiales (56.7%), Enterobacteriales (23.1%), Streptophyta (5.9%), Lactobacillales (4.9%), and Rickettsiales (3.2%). In analyzing the order level of microbial communities, as shown in Figure 3A to D, Clostridiales followed the same trend of decreasing in abundance as the maturity of the bird samples increased, regardless of treatment. Interestingly, Enterobacteriales and Streptophyta tended to increase significantly at the 42 d sampling age when compared to the 16 and 28 d sampling ages, with the exception of Enterobacteriales in birds fed the control diet ( Figure 3A to D) . It appears as though the increase in abundance of Enterobacteriales is associated with the decreased abundance of Clostridiales in the birds supplemented with XPC and/or SAL ( Figure 3A to D) ; potentially Enterobacteriales is outcompeting Clostridiales in the presence of the feed additives.
Genus level evaluation of the cecal microbial populations indicated that 7 abundant genera of bacteria were present for all sampling ages. An unknown genus belonging to the Enterobacteriaceae family was present in samples at all 3 age points (Figure 4) , increasing dramatically in abundance as the birds matured. Interestingly, this genus (unknown belonging to Enterobacteriaceae) was most abundant in each of the XPC or the SAL treatments; however, with the 2 treatments combined (XPC + SAL) the abundance decreased noticeably. Presence and consistent abundance of Oscillospira, an unknown genus belonging to the Lachnospiraceae family, and an unknown genus of the Clostridiales family are evident throughout the sampling age points; all of these genera have been previously observed in a 16S rRNA-based analysis of the poultry cecal microbiota in an in vitro mixed culture assay (unpublished data). Although these are recognized as beneficial bacteria, this observation of reduced abundance with maturity may be aligned with the hypothesis that each bacterial community reaches a balanced and stable level in the microbiome (Patterson, 2012) . Conversely, Clostridium appeared to become notably less abundant in the 42 d sampling age regardless of treatment. Faecalibacterium, a beneficial bacterium commonly observed in both poultry and human intestinal tracts conferring anti-inflammatory properties and production of butyric acid, was less abundant in the present study (approximately 3.0%; not identified in the figure as it was not among the most abundant genera) (Miquel et al., 2013; Oakley et al., 2014) . When observing the difference among treatments, while the control and XPC + SAL treatment became more evenly dispersed in the abundances of the genera, both the XPC and SAL individual treatments became more unevenly represented (Figure 4 ).
Analysis at the species level identified 186 distinct species being present in the cecal microbiota; however, the majority (87.6%) of those species have not yet been identified in the reference database. The most abundant identified species, shared among all ages of birds, were Faecalibacterium prausnitzii (3.0%), Bacteroides fragilis (2.1%), Eubacterium dolichum (0.9%), Blautia producta (0.7%), and Acinetobacter rhizosphaerae (0.4%) (Figure 5 ), however there does not appear to be a correlation of species abundance with either dietary treatment or bird maturity. The bacterial species F. prausnitzii is recognized as a beneficial microorganism and is considered commensal among the microorganisms in the poultry GIT microbiome (Bjerrum et al., 2006) . In healthy humans, F. prausnitzii comprises between 5 and 15% of the fecal microbiota and is a well-known producer of butyrate (Scupham, 2007; Flint et al., 2012; Miquel et al., 2013) . Butyrate is identified as playing a major role in GIT physiology, allowing for protection from pathogen invasion as well as modulating the host immune system (Macfarlane and Macfarlane, 2011) . B. fragilis has previously been isolated from chicken cecal contents and is a producer of both succinic and acetic acids (Salanitro et al., 1974) . Although F. prausnitzii, B. fragilis, E. dolichum, B. producta, and A. rhizoshaerae were the most abundant identified species, there were many more (20 total) unidentified species comprised of much higher abundances among the most dominant species. This attests to the limited degree to which identification of bacterial species exists.
Evaluation of the Chao1 index, observed OTU, and Shannon diversity index indicated significantly high diversity among the sampling ages of 16 and 28 d when compared to 42 d (P < 0.05; Figure 6 ). Similarly, phylogenetic distance (PD) showed a significant decrease with each sampling age. The determination of numbers of the Chao1 index, observed OTU, and PD revealed no significant differences when comparing the various treatments, while the Shannon diversity index revealed both T1 and T4 to be significantly increased when compared to T2 (Figure 6 ). PCoA plots based on sampling age generated from QIIME analysis indicated significant differences in both weighted and unweighted plots (P = 0.001; Figure 7A and B). There is clustering of the 28 and 42 d samples into a somewhat homogenous group in both the weighted and unweighted PCoA plots, while the 16 d samples appear to be more dispersed throughout the entire multidimensional space. More obvious clustering among the 42 d samples in unweighted PCoA plot indicates that the number of distinct OTU rather than the OTU abundance is the primary driving force behind the separation of samples in the graph area since the unweighted plot will not include OTU abundance when calculating distances between samples ( Figure 7A and B) .
Inclusion of XPC appears to allow for the microbial communities comprised of the entire microbiome to reach their stable levels at an earlier age prior to 42 d, as is indicated by DGGE analysis; however, this finding was less evident in the NGS data obtained. It has been suggested that the stable microbiome allows for increased digestion and nutrient absorption by the host GIT, in turn causing improved growth performance and feed conversion ratios (Brisbin et al., 2008; Hoffmann et al., 2009; Delzenne and Cani, 2011) . However, bird age appeared to be more influential on the species diversity, richness, and relative abundances, as is made evident by the Shannon diversity index, Chao1 index, observed OTU, and weighted PCoA plots, respectively ( Figures 6, 7A and B) . There are several potential factors that may have affected the results observed, one being due to age at which the treatments were added as well as the decreased amount of XPC added in the diet from 28 to 42 d (0.625 g/kg) in comparison with zero to 28 d (1.25 g/kg). A dosage effect of XPC has previously been observed in poultry (ElHusseiny et al., 2008) ; the current results indicate the necessity for further research on matching the appropriate dosage to the age of the bird over the growth cycle for GIT bacterial selection and establishment of a mature GIT microbiota (Hanning and Diaz-Sanchez, 2015 ). An essential part to the improved growth performance as observed in AGP treated animals, is the establishment of stable bacterial populations that will not utilize all the nutrients, rendering them unavailable to the host (Hanning and Diaz-Sanchez, 2015; Roto et al., 2015) .
The differences in results observed in DGGE when compared to NGS are potentially due to 1) heterologous sequences migrating to similar distances presenting banding patterns that would falsely allude to these sequences being phylogenetically related (Gafan and Spratt, 2005) ; 2) limited gel capacity thereby mandating the pooling of samples for large sample sizes (McCartney, 2002) , and (although pooling samples from at least 5 birds is considered optimal for DGGE when assessing shifts in poultry intestinal populations after exposure to dietary antibiotics, Zhou et al., 2007) pooled samples for DGGE therefore potentially increasing background noise present due to many more samples being analyzed; 3) various PCR conditions have been observed to inaccurately reflect the presence and abundance of certain taxa (Chandler et al., 1997) ; and 4) the hypervariable regions amplified in the current study for DGGE and NGS were V3 and V4, respectively. The hypervariable regions of the 16S rRNA gene chosen for amplification can greatly influence both the DGGE and NGS diversity profiles produced (Yu and Morrison, 2004; Chakravorty et al., 2007) . Furthermore, there is a degree of underestimation of taxonomic richness and classification of lower accuracy when only partial sequences are used as compared to full or near full-length sequences (Yarza et al., 2014) . Therefore, it would be beneficial to compare the data collected in the current study with full-length 16S rRNA gene sequences from mature and healthy poultry cecal microbiota.
The exact mechanism of XPC is not yet defined and the current research does not support or refute the hypothesis of modulation of the GIT microbiome. In comparing the results from both methods of DGGE and NGS, the DGGE methodology appeared to indicate a potential modulation of the cecal microbial populations caused by the various treatments utilized in this research. This same observation became less apparent in the NGS analysis of the cecal microbiota in that the analysis indicated minimal detectable alteration among the treatments. However, DGGE and NGS both revealed age of bird to have the greatest influence in the alteration of the cecal microbiota. Similarly, the temporal changes in the analysis of the cecal bacterial populations have been indicated as influential factors on the modulation of the cecal microbiome in previous studies at 7, 21, and 42 d post hatch (Oakley et al., 2014) . Lastly, the cecal microbiota analysis allows only for the identification of who is present but does not reveal the corresponding metabolic activity associated with these microorganisms. Further research is necessary to evaluate the mechanism of how XPC affects growth performance, pathogen invasion, and overall health. Fayetteville, FDSC program for supporting a graduate student assistantship to SMR. We thank the Michael G. Johnson Endowed Scholarship for Excellence in Food Microbiology Research, Teaching, and Peer Mentoring for providing financial assistance to SMR. Lastly, we would like to thank Diamond V Mills in Cedar Rapids, IA, for support and partial authorship of this study.
